INTRODUCTION
The maritime industry of Sunnmøre, Norway, has a long tradition of building specialized vessels for operations such as platform supply, anchor handling, and sub-sea field-interventions. The region has a cluster of companies that develop solutions for the demanding needs of the oil industry. Due to continuous introduction of new technologies on offshore ship bridges, these working environments are increasing in complexity. This imposes additional mental burden-and requires greater competence-among crew members (Petersen and Lützhöft 2009) .
Recent attention to the complexity of work environments has led to greater use of industrial-and interaction designers in bridge design processes. These fields focus on the design of user-centred products and systems by applying tools and techniques to explore and resolve complex design problems (Lawson 2006) . These fields place great emphasis on the early stages of the design phase, during which major changes are made.
A ship bridge is a complex workplace that is both very different from the context of design processes and difficult to access. This is a challenge within conceptually-oriented design processes that require access to user context while also maintaining rapid development of new design concepts. In this article, we present work in progress that investigates how simulators can better support early-phase design of modern ship bridges. The work draws on experiences in managing a conceptual design process within the ongoing research project Ulstein Bridge Concept (UBC). UBC is oriented towards developing next-generation ship bridges, and is a collaboration between The Oslo School of Architecture and Design (AHO), Aalesund University College, Ulstein Power & Control (UPC), and Kwant Controls.
The project currently employs two design labs at AHO and UPC. The UPC lab at Aalesund has installed a simulator from Offshore Simulator Centre AS (OSC, www.offsim.no), while the Oslo lab connects remotely to the simulator. The project has also used simpler, game-based simulators (Ship Simulator Extremes 2010, Shipsim.com) as part of the process.
In the following sections, we outline some basic characteristics of traditional ship simulators before describing conceptual design with an emphasis on goals, methods, and tools. Further, we compare conceptual design and the capabilities of existing simulators. Based on the comparison, we suggest future developments that might enhance the use of simulators as tools in early-phase conceptual design.
SHIP BRIDGE SIMULATORS IN DESIGN
Conceptual design is an important but challenging part of design processes, which is oriented towards driving innovation in the maritime sector. This is particularly important, since it is difficult to envision proposed ideas in the context of the full complexity of an operational ship bridge. We suggest this problem might be approached through increasing use of ship simulators in early-phase conceptual design.
Currently, most simulators are used for educational purposes, performance evaluation, and research in various domains. Applications range from training simulators in aviation (Page 2000) , medical (Rosen 2008), and maritime (Saus et al. 2012 ) domains, to studying human factors in the nuclear industry (Skjerve and Bye 2011). In recent years, advances in the computer-gaming industry have also initiated the concept of "serious games" for training in areas such as military, government, or education (Susi et al. 2007 ).
Although widely used in industry and research, the use of simulators in conceptual processes has only been partly explored. Most car manufactures use vehicle simulators as part of product conception (Kallmann et al. 2003 ), but there is limited published research literature on such work. Vestfold University College explored how 3D visualization in an immersive visualization theatre may engage users as co-designers in the fuzzy front-end of product development (Hjelseth 2011) . Others are investigating virtual reality, gaming, and scenarios to express lifelike interaction with a computer model, such as during product design (Tideman et al. 2008 ).
Ship simulators, such as those in Aalesund (Figure 1 ) are used to train both individuals and teams of maritime personnel. Their core function is to mirror something real, like the offshore bridge, or the crane on an oilrig. The developers of the simulator attempt to provide a next-to-real experience of this maritime domain, and strive to bring context to the user experience. They construct realistic scenarios together with domain specialists, which give the simulation natural behaviours. The simulators in Aalesund also target complex and challenging offshore operations like anchor handling or subsea lifting operations. This is achieved via three main components 1. A simulator model representing the dynamic properties of, e.g., a ship and its attaching systems; 2. A visual system that provides the contextual experience; and 3. The physical space, within which appropriate input and output devices are available. Several such stations are interconnected in order to provide team training among various operators.
Recent advances in technology and 3D capabilities have made high quality synthetic environments inexpensive, and simulators can today convey immersive experiences (Kincaid and Westerlund 2009 ).
When training crew members, it is essential to provide the participants with a realistic experience. These immersive capabilities and realistic behaviours are central to how the simulator becomes a natural arena for the participants to act out their normal (work) behaviours.
The following summarizes the characteristics of the Aalesund simulators:
• A realistic work setting.
• Simulator models of various artefacts (e.g., a ship, a cable, or a crane) and their associated systems and surroundings.
• Visual systems that can provide an immersive experience.
• A physical space in which appropriate input and output devices are available for real-time interaction with the simulator models.
• Scenarios of complex maritime operations.
• Networking capability for team training in complex offshore operations.
• Video recording equipment for work analysis.
Although such a system can be used to present finalised designs, it is not necessarily the best setup in which to evaluate conceptual designs. To understand the gap between design and simulators, we need to unpack conceptual design.
CONCEPTUAL DESIGN IN SHORT
Conceptual design is a crucial part of design processes for most professions; however, in this article, we address the conceptual processes of industrial and interaction design. These design disciplines have a long tradition focusing on creative development oriented towards cultural and functional needs (Lawson 2006; Lawson and Dorst 2009) . Conceptual design is an iterative approach used in the early phases of the design process, when the problem is difficult to grasp due to its complexity and conflicting goals. This is also referred to as ill-structured or wicked problems (Rittel and Webber 1973) . This is the fuzzy front-end of innovation ( Figure 2 )-a phase where many activities take place in order to inform and inspire discussions around open-ended questions that serve the ambiguous and chaotic nature of the design problem (Sanders and Stappers 2008) . Ulrich (2011) states that exploration of design ideas and concepts is a fundamental activity during this phase. As he sees it, good designers tend to build, test, and refine artefacts during this process, rather than refining a perfect theoretical plan.
Designers, as those trained in the traditions of industrial design or interaction design, are often said to apply "design thinking" (Rowe 1987) , and to have a reasoning of design that is more disorderly compared to their counterparts in design engineering (Rittel 1987) . Here, design engineering is understood as design with particular emphasis on the technical aspects of a product (Robinson 2012 ).
Rittel claims that "learning what the problem 'is' IS the problem" (Rittel 1987: p 2) . He suggests that there is no clear separation between the activities of problem definition, synthesis, and evaluation (Rittel 1987) . Further, he argues that this reasoning can be seen as a process of argumentation with the designer himself or with others; and in this process, Schön argues, the designer externalizes design ideas via tools such as sketching, mock-ups or prototyping (Schön 1991 ).
In the next section, we will investigate this difference further by examining the goals of conceptual design processes.
CHALLENGES IN CONCEPTUAL DESIGNING OF SHIP BRIDGES
The messy process of conceptual design is very different to the present applications of maritime simulators. Traditional simulators represent stable bridge designs that can be used by the crew memebers. However, in conceptual processes, the main focus would be to change any aspect of the ship bridge, as necessary, and in response to user feedback. The difference between the two approaches to simulator technologies are here summarized via the two main goals of conceptual design processes that can be supported by simulator technology.
Understanding current and future user needs and desires
The fundamental aspect of design is domain understanding, which has led to the need to connect with users, observing and interviewing them (Ulrich 2011) . In recent decades, designers have increasingly moved closer to potential users in order to better understand what they need or desire (Sanders and Stappers 2008; Nelson and Stolterman 2012) . This approach aims to involve stakeholders in the development of design concepts in order to improve the quality of future design solutions. This overall trend is termed human-centred design; it incorporates the area of participatory design that originated in Scandinavia during the 1970s (Bødker et al. 2000) , and which involves bringing the user closer to the design process as a co-designer or co-creator early in the design process (Sanders and Stappers 2008) .
Undertaking a human-centred design process of ship bridges is challenging, due to the complex nature of the bridge environment. An offshore bridge consists of numerous technical systems that are developed by different sub-suppliers to support the mariners' work in challenging operations. However, for a user, the bridge is a single, integrated unit in which all the designed artefacts are just part of a total work environment. It is difficult to adopt this holistic view when designing ship bridges because the target environment is very different to the context of the design team on land.
Experience of the target environment is important in order to provide an interdisciplinary design team with mutual understanding and first-hand appreciation of existing and future conditions (Buchenau and Suri 2000) ; "the experience of even simple artifacts does not exist in a vacuum but, rather, in dynamic relationship with other people, places and objects" (Buchenau and Suri 2000: p 424) . A simulator may help overcome these challenges by making a dynamic representation of a ship bridge available to the land-based design office. As an early test, we have made this connection between the physical design lab in Oslo and a ship simulator (Figure 3 ).
Address complexity by exploring design ideas
As stated by Ulrich (2011) , design requires exploration, and exploration inevitably involves recourse to develop and evaluate alternatives that will eventually be abandoned. This exploration, he argues, almost never results in a single plan, but rather exposes several alternatives that merit serious consideration. During design synthesis, designers make explicit this normally implicit process of understanding and framing (Kolko 2010 ). Kolko explains this as a process of manipulation, organizing, pruning, and filtering of data in an effort to produce information and knowledge of the design problem.
Externalization of design ideas is crucial in this process in order to reflect on and evaluate their potential possibilities and limitations (Schön 1991) . The goal is to investigate many ideas and very different ideas, that are generated by externalizing potential solutions to form different views of the understood problem (Ulrich 2011).
Early testing and evaluation of design ideas then becomes central to conceptual design in order to handle the design complexity in the fuzzy front-end. A connection between conceptual design tools and simulator permits these early design ideas to be easily explored and evaluated in-context. This requires a means of easily connecting input/output signals between the simulator and different externalized versions of design concepts (ranging from low-fi mock-ups to more refined prototypes of physical devices), or interaction design.
Given this connection between the simulator and design artefacts, physical mock-ups, prototypes, and screen layouts can be investigated in-context on a simulated ship bridge without actually being there. Technical advances now permit this design exploration to take place at the premises of the ship simulator itself (the offshore simulator in Aalesund), in the design lab (UBC lab in Oslo), or even at the design office where the individual designers do their everyday work.
DESIGN METHODS IN SIMULATORS
Conceptual design processes may also be characterised by the methods and tools used. Tools and techniques such as sketches, mock-ups, and prototypes are indispensable in generating a wide array of ideas for further selection.
Sketching and mock-ups
Schön describes the use of design tools as the way in which the designer has a "conversation" or dialog with a sketch. When the design ideas are externalized, the world can "speak back" to us (Schön 1991) . Learning from these tools of externalization is also based on their ambiguous nature of representation, encouraging various interpretations without specifying everything; inviting suggestions, criticisms, and changes (Buxton 2007) .
Here, sketching is the archetypal activity and skill for design. Sketches have the typical attributes that they are quick and inexpensive to make, can be provided when needed, are disposable, and tend to be plentiful (Buxton 2007) . Mock-ups are often made of simple materials like paper and cardboard, as described by Ehn and Kyng (1991) . Such mock-ups may be used in collaborative design sessions where designers and users can explore different application scenarios in what they call designby-doing. These paper and cardboard mock-ups give hands-on experience, are cheap and fast to make, make it possible for everybody to make changes with scissors and pens, and mean that changes are immediately visible.
Gaver and Martin (2000) argue that design ideas should be presented with a concreteness that is balanced with openness, and with functionality that is not necessarily fully resolved. This will allow for design proposals to remain more open to imaginary extensions, developments, and modifications in a way that is difficult with more finished examples.
The ability to sketch for communication and reflection is fundamental to conceptual design processes. This raises the question of whether-or how-sketching can be done within-or connected to-a simulated environment. Simulators are not currently equipped to handle the speed, versatility, or openness of traditional pen and paper sketches.
Prototyping
The term prototype has different meanings in different fields. Various prototypes can be produced with differing levels of fidelity, including rapid prototyping (RP), CAD-based simulation, high-fidelity renderings, and real-time graphics (Lim et al. 2008; Capjon 2004) . Here, we employ prototype to describe a design externalisation that is, to some extent, testable by users or designers.
Prototypes are widely recognized as a core means of exploring and expressing designs (Houde and Hill 1997) . However, as discussed by Lim et al. (2008) , prototypes in the conceptual design phase are not like the requirement-oriented ones used in, e.g., software engineering, which focus on usability issues. They describe prototypes as representative and manifested forms of design ideas, while prototyping is the activity of making and utilizing prototypes in design. In this understanding, prototypes have a form wherein designers may organically and evolutionary learn, discover, generate, and refine designs. Klemmer and Hartmann (2006) propose the notion of thinking through prototyping as a perspective to a design challenge. This is based on Schön's (1991) view that physical action and cognition is interconnected, suggesting a framing and evaluation of a design challenge by working it through, rather than just thinking it through. Successful designs result from a series of conversations with materials (Schön and Bennett 1996) .
Simulators do, in many respects, support the notion of prototyping. However, there are multiple barriers to producing such prototypes efficiently during a design process. Today, every use of the simulator has to be facilitated by the simulator developers, who are mainly software developers with advanced knowledge of computer programming. To designers that do not have programming skills, this represents a barrier to using the simulator as an effective design tool to mediate a conceptual design phase with mock-ups and prototyping tools used in interdisciplinary collaboration, preferably on-the-fly.
Collaboration
In the conceptual design of ship bridges, there is a need to integrate expertise from several professions in design collaboration (Cutler 2010) , which should also involve the end-users of the future design (Sanders and Stappers 2008) . In this respect, the members of such interdisciplinary design teams have to communicate their specialised knowledge. The difference in communication and understanding between disciplines is what Lave and Wenger (1991) explained as different professions having a community of practice, with a shared understanding of notion.
The strength of a ship simulator is its ability to simulate reality-using visualization to provide a maritime context. When the simulator offers context and possibilities for design exploration, it can also be used as a tool for design collaboration. In this respect, the simulator can facilitate collaborative design exploration of conceptual design ideas through active feedback of design changes on-the-fly.
The simulator, with connected tools for conceptual design, will in this understanding act as a boundary object-an arena for mediating communication and understanding between individuals from different disciplines or professions (Star and Griesemer 1989) . A boundary object is here understood as having the characteristics that it establishes a shared language for individuals to represent their knowledge; to specify and learn about their differences and similarities across a given semantic boundary; and facilitates a process where individuals can collaboratively understand, communicate, and transform their knowledge (Huybrechts et al. 2009 ).
The interdisciplinary design team and users are stakeholders in the conceptual design work, and need to use the aforementioned tools to rapidly generate new externalizations of design ideas in collaboration. This might be facilitated using the idea of a design collaboratorium (Bødker and Buur 2002) , which is both a process and a physical place mediating active collaboration between participants. In this understanding, the design team can collectively communicate, explore, and test their design ideas using conceptual design tools that substantiate a perspective of prototyping as 'sketching in hardware' (Moussette and Dore 2010) . The UBC design lab in Oslo is an example of such a collaboratorium. However, in the Oslo collaboratorium, a simulator is directly integrated with other design tools such as spaces for building mock-ups, drawing equipment, workstations, display areas; and close proximity to metal, plastic, RP, and wood workshops. The simulator therefore becomes one of many tools in the design lab.
Such design collaboration in the design collaboratorium even has the potential for mediating participatory design sessions: a design collaboration where domain users participate as co-designers or co-creators in the conceptual design phase (Sanders and Stappers 2008) , actively exploring design ideas the same way that Ehn and Kyng (1991) used their cardboard computers. In addition, the offshore simulator can facilitate complex offshore operations, allowing new design concepts and ideas to be tested in different operational scenarios. This type of functionality is impossible to achieve in real operation.
Currently, training simulators provide insufficient support for collaborative design processes, as they do not offer the speed or the tools that allow a team of designers and other stakeholders to collaborate freely on ship bridge design within the context of a simulation. Significant technical advances will be necessary before the full potential of simulation can be realised in collaborative design processes.
DISCUSSION
In the previous sections we have elaborated simulators in the context of collaborative conceptual design processes; and looked into using simulators for understanding user needs and handling design complexity. In addition, we have taken up sketching, mock-ups, prototyping, and collaboration within the context of a design simulator. It is clear that current simulators require significant development in order to meet the needs of conceptual design processes. However, our experiences of using simulators in the UBC project have shown that, although there are significant challenges to using simulators in design processes, there are also great opportunities. Most of the barriers we encounter can be separated into two categories.
First, there is a lack of tools allowing efficient transformation of the physical and virtual components of a simulated ship bridge. Consoles, virtual elements, and physical and virtual interfaces need to be as open as possible to opportunities for transformation. This places emphasis on the technological flexibility of software and hardware architecture, where 3D models, simulations, physical interfaces, and physical components in general should have a low threshold for transformation.
Second, there is a lack of simulator-centric design methods. It is to be expected that simulator technologies would not be appropriate for all stages of conceptual design. The question is, rather: which design methods can be improved by using simulators? For instance, a design process uses different types of sketches and prototypes of different quality throughout the process. Sometimes a realistic setup is needed, whereas others require the equivalent of a wire-frame interface. The design simulator also needs to work alongside many additional design tools; maybe as part of a design collaboratorium; integrated into participatory design processes; or used by a single designer in a standard desktop computer.
These two perspectives of technical flexibility and design methods for simulators are mutually interdependent. Thus, we suggest a design simulator can best be achieved by working with technical and methodological development in tandem. We are pursuing this strategy in the UBC project through the development of new simulator-based tools to support our on-going conceptual design process.
The core nature of ship simulators is their ability to bring the maritime context into the designer's daily work situation. This does not in any way compensate for the very important fieldwork where designers and researchers observe real work in real contexts. However, simulator will, in its simplest form, bring context or "the ocean" into the design office, and give designers access to the ship bridge whenever needed. We believe, in time, this will become a powerful tool in helping design teams to maintain their understanding of the domain and context for which they are designing.
Technological advances have given designers the opportunity to use more sophisticated tools for conceptual design exploration and evaluation, such as rapid prototyping (RP), CAD-based simulations, highfidelity renderings, and real-time graphics that are useful in the conceptual design phase. Using such tools, a more refined version of a design can be product quickly and inexpensively. We believe simulators might be one such tool in the future. However, in order for that to happen, simulators need to be better adapted to the messiness of actual design processes.
In the UBC project, we will further investigate several of the aforementioned issues through greater integration and adaption between the simulators and the UBC lab. We will investigate the idea of a design collaboratorium, conduct design sessions in various settings, and collate case material for further evaluation and suggestions on how to develop the design simulator for offshore ship bridges.
